Objective: Otaplimastat is a neuroprotectant that inhibits matrix metalloprotease pathway, and reduces edema and intracerebral hemorrhage induced by recombinant tissue plasminogen activator (rtPA) in animal stroke models. We aimed to assess the safety and efficacy of otaplimastat in patients receiving rtPA. Methods: This was a phase 2, 2-part, multicenter trial in stroke patients (19-80 years old) receiving rtPA. Intravenous otaplimastat was administered <30 minutes after rtPA. Stage 1 was a single-arm, open-label safety study in 11 patients. Otaplimastat 80 mg was administered twice daily for 3 days. Stage 2 was a randomized, double-blind, placebo-controlled study involving 69 patients, assigned (1:1:1) to otaplimastat 40 mg, otaplimastat 80 mg, or a placebo. The primary endpoint was the occurrence of parenchymal hematoma (PH) on day 1. Secondary endpoints included serious adverse events (SAEs), mortality, and modified Rankin scale (mRS) distribution at 90 days (clinicaltrials.gov identifier: NCT02787278). Results: No safety issues were encountered in stage 1. The incidence of PH during stage 2 was comparable: 0 of 22 with the placebo, 0 of 22 with otaplimastat 40 mg, and 1 of 21 with the 80 mg dose. No differences in SAEs (13%, 17%, 14%) or death (8.3%, 4.2%, 4.8%) were observed among the 3 groups. Three adverse events (chills, muscle rigidity, hepatotoxicity) were judged to be related to otaplimastat. Interpretation: Intravenous otaplimastat adjunctive therapy in patients receiving rtPA is feasible and generally safe. The functional efficacy of otaplimastat needs to be investigated with further large trials.
adjunctive therapies have been developed, some of which have shown promising preclinical results. [8] [9] [10] [11] However, clinical trials using such drugs are uncommon; although minocycline, 12 uric acid, 13 and 3K3A-APC 14 were found to be safe when administered to stroke patients receiving rtPA, their efficacy still remains to be proven. 9, [12] [13] [14] Recently, small studies have shown that fingolimod may enhance the efficacy of rtPA administration in patients with AIS receiving rtPA, 15 and improve the clinical outcome in patients with a proximal cerebral arterial occlusion in the 4.5-to 6-hour time window. 16 Otaplimastat (SP-8203) is a small molecule with a quinazoline-2,4-dione scaffold that improves neurological outcomes through multiple cytoprotective mechanisms in various animal stroke models. [17] [18] [19] [20] Notably, in both a standalone treatment and a combined treatment with rtPA, otaplimastat showed significant benefit by reducing infarct volume and edema in embolic stroke models. 20 In animal models of stroke, delayed rtPA treatment increased brain ICH, and coadministration of otaplimastat significantly improved neurologic outcome and reduced brain edema and ICH by inhibiting MMP activities through upregulation of tissue inhibitor of metalloproteinase-1. 20 In a phase 1 study, up to 240 mg otaplimastat was well tolerated in 77 healthy volunteers without significant side effects (unpublished data). The purpose of this phase 2a study was to assess the feasibility, safety, and potential efficacy of an intravenous infusion of otaplimastat in patients with AIS treated by rtPA.
Subjects and Methods

Study Design and Participants
This was a 2-stage phase 2 trial. Stage 1 was an open-label, unblinded, single-arm study in which patients were given highdose otaplimastat (80 mg twice daily for 3 days) to examine its safety. At the completion of stage 1, a go/no-go decision was made in an interim meeting by the independent Data and Safety Monitoring Board (DSMB), composed of global stroke experts 
Inclusion Criteria
Exclusion Criteria 1. Adults aged 19 to 80 years 2. Able to receive rtPA within 4.5 hours after the onset of early symptoms of acute ischemic stroke 3. Available for brain MRI (DWI, GRE/SWI, FLAIR, MRA) scanning 4. Signed informed consent by subject or authorized representative 1. Systemic allergic diseases or hypersensitivity to specific drugs 2. Patients have condition as follows at screening: (a) Diagnosis with AMI within the past 6 months (b) Arrhythmia causing clinical symptoms such as dyspnea or palpitation within the past 6 months (c) Abnormal ECG findings in stable condition at ER 3. Severe heart failure of NYHA class III or class IV 4. Fever (≥38 C) or infection signs that require antibiotic therapy at screening 5. Pulmonary diseases (asthma, COPD, active tuberculosis, etc) recently treated >1 month at screening 6. Decreased hemoglobin (<10 g/dl), decreased platelet count (<100,000/mm 3 ), or hematocrit of <25% in complete blood count 7. Hemodialysis and/or treatments due to nephropathies, acute or chronic renal failure at screening 8. Diagnosed cancer within 6 months before the screening time, or any treatment for cancer within the previous 6 months, or recurrent/metastatic cancer 9. Pregnancy or breastfeeding 10. Participated in other clinical trials of other drugs within the past 3 months 11. Cannot participate in the trial according to the judgment of investigators 12. Contraindication for the use of rtPA Stage 1-specific criteria • NIHSS score of 4-10 Stage 2-specific criteria • NIHSS score of ≥4 AMI = acute myocardial infarction; COPD = chronic obstructive pulmonary disease; DWI = diffusion-weighted imaging; ECG = electrocardiogram; ER = emergency room; FLAIR = fluid-attenuated inversion recovery; GRE/SWI = susceptibility-weighted images generated from gradient-echo pulse sequences; MRA = magnetic resonance angiography; MRI = magnetic resonance imaging; NIHSS = National Institutes of Health Stroke Scale; NYHA class = New York Heart Association Functional classification for heart failure; rtPA = recombinant tissue plasminogen activator.
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Volume 87, No. 2 and a nonvoting statistician. Stage 2 was a randomized, doubleblind, placebo-controlled study to evaluate the safety and efficacy of otaplimastat 40 mg or 80 mg twice daily for 3 days versus a placebo. The protocol was approved by the local institutional review board, and all patients or legal representatives provided written informed consent. This study was conducted at 8 medical centers in South Korea from June 5, 2016 to August 22, 2017. This study was performed in accordance with International Conference on Harmonization and Good Clinical Practice guidelines.
Patients
AIS patients (19-80 years) who were to receive intravenous rtPA within 4.5 hours were enrolled. Considering that this was the first study that examined the safety of otaplimastat in stroke patients receiving rtPA, patients with a National Institutes of Health Stroke Scale (NIHSS) score of 4 to 10 who were at the relatively lower risk of ICH were enrolled in stage 1. Once the safety of otaplimastat was confirmed in stage 1, we enrolled any patient with an NIHSS score ≥4 in stage 2 to more appropriately reflect routine clinical practice. Inclusion and exclusion criteria are shown in Table 1 (excerpted). Key exclusion criteria included systemic allergic diseases or drug hypersensitivity, abnormal electrocardiogram (ECG) or hematological findings, and a contraindication for the use of rtPA.
Randomization and Masking
All patients received otaplimastat 80 mg during stage 1. Using a computer-generated allocation sequence, patients were randomly assigned (1:1:1) to placebo, otaplimastat 40 mg, or otaplimastat 80 mg for stage 2. Randomization was stratified by site to guarantee a balanced distribution among the groups and performed by using block randomization with a pregenerated random number list. The patients and investigators were masked to the treatment assignments, with otaplimastat and placebo provided in colormatched vials (Shin Poong Pharmaceutical, Ansan, Korea). The individual treatment code was stored by the main statistician.
Procedures
Eligibility for rtPA (Actilyse; Boehringer Ingelheim, Biberach, Germany; 0.9 mg/kg) treatment was assessed in the emergency department based on a brain computed tomography (CT) scan. Otaplimastat or placebo was intravenously administered over FIGURE 1: Trial profile. In stage 1, 1 patient was excluded because of low (10 g/dl) hemoglobin (exclusion criterion). In stage 2, 1 patient in the otaplimastat 40 mg group received warfarin (international normalized ratio <1.3, a major exclusion criteria violation) and was excluded. One patient with transient ischemic attack enrolled in stage 2 (the placebo group) was excluded in primary outcome analysis because of missing computed tomography (CT) outcome. Prohibited medication was defined as the use of antiplatelet agents or anticoagulants other than the prespecified dose of aspirin or clopidogrel from days 1 to 5. DSMB = Data and Safety Monitoring Board; IP = Investigational Product.
February 2020 235 30 minutes no later than 30 minutes after starting the rtPA infusion via a different injection route. Study drugs were given twice daily at intervals of 12 hours (AE30 minutes) for a total of 6 times over 3 days. Patients underwent magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) within 6 hours after the start of rtPA therapy, and endovascular thrombectomy (EVT) was performed in patients who had an occluded large artery. Afterward, all patients were admitted to the stroke unit. Antiplatelet agents were not used until 1 day after the rtPA infusion. From day 1 to 5, only prespecified doses of aspirin (100 mg/day), clopidogrel (75 mg/day), or both were allowed to patients at the discretion of the attending physician. Afterward, any antiplatelets or anticoagulants were allowed. All brain imaging was performed using a common protocol and processed by a centralized facility (Central Imaging Core Lab, Asan Medical Center, Seoul, Korea). The standardized MRI protocol consisted of diffusion-weighted imaging (DWI), susceptibility-weighted images generated from gradient-echo pulse sequences (GRE/SWI), and fluid-attenuated inversion recovery (FLAIR). MRA consisted of time-of-flight MRA for the intracranial arteries and contrast-enhanced MRA for the neck vessels. All CT scans and the initial 4 MRI sequences (DWI/GRE/SWI, FLAIR) were performed as noncontrast. All serial imaging data and additional postprocedural CT images in patients who underwent EVT were retrospectively analyzed to differentiate contrast extravasation from ICH. The imaging equipment and protocol at each trial site were validated with a standardized qualification control and assurance monitoring procedures before and during the study. The image analysis was blinded and assessed by 2 experienced neurologists or by a third investigator to reach a consensus when conflicting judgments occurred. A brain CT was performed in stage 1 to evaluate the occurrence of parenchymal hematoma (PH) at 24 AE 3 hours after the first administration of otaplimastat. Patients were examined daily until day 5 for vital signs, NIHSS score, and treatment-emergent adverse events classified using MedDRA version 19.0. On day 5, brain MRI, MRA, ECG, and laboratory tests were done, and the modified Rankin scale (mRS) and Barthel Index (BI) were assessed. All assessments were repeated on day 14. The prespecified criteria for the no-go decision for stage 2 was the occurrence of 3 or more cases with symptomatic ICH (sICH) causing neurological deterioration (≥4-point increase in the NIHSS score) or death during the first 5 days. In stage 2, patients received otaplimastat 40 mg, otaplimastat 80 mg, or placebo twice daily for 3 days and followed the same assessment procedures until day 5. The follow-up visits at day 28 and day 90 included the NIHSS, laboratory tests, chest X-ray, ECG, and adverse events. The follow-up at 90 days also included the mRS and BI.
Outcomes
The primary endpoint of both stages was the incidence of PH within 24 hours on a brain CT scan based on post-thrombolytic ICH being regarded as an early event (<24 hours) in the National Institute of Neurological Disorders and Stroke rtPA trial and all fatal sICH occurring within 24 hours. 21 The definition of ICH followed European Cooperative Acute Stroke Study I and II criteria: hemorrhagic infarct (HI) 1, small petechiae along the margins of the infarct; HI 2, confluent petechiae within the infarcted area but without space-occupying effect; PH 1, a clot not exceeding 30% of the infarcted area with some mild space-occupying effect; and PH 2, dense blood clot(s) exceeding 30% of the infarct volume with significant space-occupying effect. 22, 23 Secondary safety endpoints were the incidence rate of sICH within 5 days (ie, any ICH confirmed by brain imaging, worsening of ≥2 points on the NIHSS, neurological deterioration persisting >24 hours); incidence of major systemic bleeding according to the International Society on Thrombosis and Hemostasis definition 24 ; and incidence of serious adverse events, adverse events, and adverse drug reactions or death by any cause. Monitoring of adverse events and safety lasted for 30 days after the last visit. Secondary efficacy endpoints were neurological changes assessed by the NIHSS and clinical outcome evaluated by the mRS and BI at 90 days.
Exploratory endpoints were based on MRI findings on day 5: incidence, size, and number of any ICH by GRE, and the rate of cerebral infarct growth and infarct recurrence by DWI.
Statistical Analyses
In stage 1, a safety assessment of 10 subjects was judged to be appropriate for making a relevant decision in the DSMB and 11 patients were enrolled assuming a 10% dropout rate. In stage 2, for the primary endpoint of the incidence of CT-identified 
Diabetes mellitus 1 (4%) [1] 3 (12%) [3] 3 (14%) [3] Hypokalemia 0 3 (13%) [3] 2 (10%) [2] Urine output decreased 1 (4%) [1] 3 (13%) [3] 2 (10%) [2] Atrial fibrillation 1 (4%) [ a Severe adverse events occurred in 9 patients: 2 with placebo (stroke in progression, ST segment elevation myocardial infarction), 4 with otaplimastat 40 mg (stress cardiomyopathy, stroke in progression, recurrent cerebral infarction, muscle rigidity), and 3 with otaplimastat 80 mg (stroke in progression, acute kidney failure, and toxic hepatitis). b Events occurring in ≥10% of patients in any treatment group. The total incidence of infections and infestations including pneumonia and kidney infection was not significantly different among the treatment groups: 17% (4/24) for placebo, 8% (2/24) for otaplimastat 40 mg, and 10% (2/21) for the otaplimastat 80 mg group.
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Volume 87, No. 2 ICH, sample size was calculated based on the simulation results with binomial random variables for the incidence and probability of ≥90% to securely detect the occurrence of at least >1 ICH or sICH events. Assuming an estimated incidence of ICH events of 12.4% in all stroke patients receiving rtPA (19.8% in high-risk patients), sICH events of 6.9% in all stroke patients receiving rtPA (11.2% in high-risk patients), 25 and a dropout rate of 10%, 69 patients (23 subjects per group) were needed for the study.
The safety population was defined as patients who had received any study treatment at least once, including cases of incomplete infusion. The modified intention-to-treat (mITT) population included all randomized patients who had primary endpoint results without major inclusion/exclusion criteria violations. All endpoints in stage 1 were evaluated using the safety population. In stage 2, the primary endpoints and the proportional differences between groups were estimated with the 90% 2-sided exact confidence interval (CI) in the mITT population.
All secondary safety outcomes and the proportional difference between groups were estimated at each time point with a 2-sided 90% CI. Secondary efficacy endpoints and exploratory endpoints were evaluated with the Wilcoxon rank-sum test or Fisher exact test in the mITT population, with Holm-Bonferroni correction for multiplicity. If a patient died before a prespecified visit, missing mRS scores were imputed to the worst possible score (6) . The mRS distribution was further analyzed using ordinal logistic regression analysis including adjustment of variables associated with outcomes. Nonnormality and overdispersion that violated the proportional hazard assumption were noted. The effects of treatment in multivariate ordinal logistic regression were assessed after adjusting for the effects of February 2020 age, sex, baseline NIHSS, tPA treatment time after stroke onset, and the use of endovascular surgery. The categorical group variable of 3 levels was included for analyzing the effect of treatment in the model, and the placebo group was considered as the reference group. We used the van Elteren test to assess temporal changes on the NIHSS score from baseline to day 90, using the cross-tabulation with 2 rows of each group and the columns of modified ridit scores for NIHSS score changes stratified with time.
The statistical analysis was conducted using SPSS Statistics version 22.0 (IBM, Armonk, NY) and SAS version 9.4 software (SAS Institute, Cary, NC).
Results
Eighty patients were enrolled between June 5, 2016 and August 22, 2018 from 8 South Korean centers. Eleven patients were included in the safety and mITT populations for stage 1 (Fig 1) , and their characteristics are shown in Table 2 . In stage 2, 69 patients were randomly assigned to 3 groups: 24 to placebo, 24 to otaplimastat 40 mg, and 21 to otaplimastat 80 mg. The stage 2 mITT population included 22 patients in the placebo group, 22 in the otaplimastat 40 mg group, and 21 in the otaplimastat 80 mg group (see Fig 1) . The baseline characteristics for stage 2 were balanced among the 3 treatment groups (see Table 2 ). The median age was 64 years (range = 33-80) and the median NIHSS score was 9 (range = 4-21) on admission. rtPA was administered at a median time of 1.6 hours (range = 0.5-4.2) after stroke onset, and 19 patients (29%, 19/66) underwent EVT. In stage 1, all patients in the safety population (n = 11) received all 6 doses of the study medication. In stage 2, a similar proportion of patients in each group received all 6 doses of the study medication; 88% (21/24) received the placebo, 88% (21/24) received otaplimastat 40 mg, and 91% (19/21) received otaplimastat 80 mg. In stage 1, there were no cases of PH identified on brain CT at 24 hours. In addition, no subject experienced sICH or major systemic bleeding. Treatment-emergent adverse events were noted in all 11 patients (100%), including nausea, dysuria, and pyrexia, each occurring in 27% of patients (3/11) . Of the 39 adverse events recorded, 74% (29/39) were of mild severity and 26% (10/39) were of moderate severity. No serious adverse events or deaths were encountered. None of the adverse events was considered drug related. Therefore, this study met the DSMB criteria for advancement to stage 2.
In stage 2, for the primary outcome in the mITT population, PH was absent in the placebo (0/22) and otaplimastat 40 mg groups (0/22). One case of PH was detected in a patient who underwent EVT in the otaplimastat 80 mg group (ie, 1/21, 4.8%, 90% CI = 0.2-20.7), which was not significantly different from the placebo (treatment difference = 4.8%, 90% CI = −20.2 to 29.1). No differences were observed between otaplimastat 40 mg or 80 mg versus placebo in the secondary safety outcomes ( Table 3) . None of the patients developed sICH or major systemic bleeding in any of the 3 study groups. Treatment-emergent adverse events occurred in 92% (22/24) of patients receiving placebo, 83% (20/24) taking otaplimastat 40 mg, and 95% (20/21) taking otaplimastat 80 mg (see Table 3 ). The majority were of mild-moderate severity ( Table 4 ). The incidence of serious adverse events was similar between the treatment groups: February 2020 241 13% (3/24) for placebo (cerebral infarction, acute myocardial infarction, and lung adenocarcinoma), 17% (4/24) for otaplimastat 40 mg (3 cases of cerebral infarction and 1 with stress cardiomyopathy, chills, and muscle rigidity), and 14% (3/21) for the otaplimastat 80 mg group (cerebral infarction, toxic hepatitis, and kidney infection). Of the serious adverse events, chills, muscle rigidity, and toxic hepatitis were considered drug related and eventually resolved. Adverse events led to the withdrawal of 2 subjects in the placebo group (acute myocardial infarction and stroke in evolution) and 2 in the otaplimastat 80 mg group (toxic hepatitis and stroke in evolution). Four patients died, 2 in the placebo group (acute myocardial infarction and stroke in evolution) and 1 in each of the otaplimastat groups (both stroke in evolution). None was considered to be related to the study drug. Secondary efficacy outcomes were derived from the mRS, the NIHSS, and the BI to demonstrate feasibility for future efficacy trials. The evaluation of ordinal data showed significantly different distribution of mRS scores with otaplimastat 40 mg versus placebo at 90 days (p = 0.026, Fisher exact test with Holm-Bonferroni multiplicity adjustment) but not with otaplimastat 80 mg (p = 0.502; Fig 2A , Table 5 ). However, the detection of true trends toward favorable mRS score distribution in 90-day mRS was limited by the small sample size (adjusted odds ratio = 3.2, 95% CI = 0.9-10.9, p = 0.068). Figure 2B shows temporal changes in the NIHSS scores from baseline over the study period in 3 treatment groups. Although the improvement in the NIHSS scores was more pronounced in the otaplimastat 40 mg group (p = 0.006), the difference was not significant versus placebo at 28 days (p = 0.234) or 90 days (p = 0.414; see Table 5 ). The BI at 90 days was not significantly different among the 3 groups.
No significant differences were observed among treatment groups in the exploratory endpoints based on the MRI outcomes (Tables 5 and 6 ). Notably, the DWIidentified median lesion volume growth (minimal, maximal) was 3.2 (−0.3, 57.2) with placebo, 1.7 (−3.3, 26.4) with otaplimastat 40 mg, and 3.0 (0.0, 89.1) with otaplimastat 80 mg (see Table 5 ). The incidence of any ICH was comparable at 35% (7/20) with placebo, 35% (7/20) with otaplimastat 40 mg (treatment difference = 0%, 90% CI = −27.8 to 27.8), and 37% (7/19) with otaplimastat 80 mg (treatment difference = 1.8%, 90% CI = −25.7 to 27.6), but a trend toward increased hemorrhage volumes and infarction recurrence in the otaplimastat 80 mg group was shown (see Table 6 ). Among 69 patients, 54 (78%) were treated with antiplatelet agents and 33% (18/54) of patients developed any ICH. The ICH rate was not significantly different between the patients receiving monotherapy and those receiving dual therapy (data not shown).
Discussion
In this SAFE-TPA trial, we found no serious adverse events in the stage 1 study. In stage 2, 1 patient developed PH, and 1 had hepatotoxicity in the otaplimastat 80 mg group. In this case, the aspartate aminotransferase level reached up to 759 IU on day 2 and otaplimastat was discontinued (data not shown). This subject was negative for viral hepatitis markers, and the liver function test results returned to the normal level on day 14. Thus, although this potential hepatotoxicity should be investigated further, coadministration of intravenous otaplimastat is feasible and appears to be generally safe in patients with AIS receiving rtPA treatment.
Although rtPA treatment grants better clinical outcome, the risks of ICH and mortality are increased when the treatment is delayed. [1] [2] [3] [4] Previous studies have consistently shown that otaplimastat reduces the incidence of ICH in experimental animals with stroke receiving rtPA, [15] [16] [17] whereas it did not interfere with the fibrinolytic activity of rtPA (authors' unpublished data). However, in the current study there were no differences in the incidence of ICH on CT scan on day 1, and on GRE at 5 days between the placebo and otaplimastat groups (see Table 3 ). The rate of sICH in the present study was low compared with that in previous trials, probably owing to the early thrombolytic therapy (mean tPA treatment delay = 1.78 hours), inclusion of patients with relatively young age (mean = 63 years), less severe strokes (mean baseline NIHSS score = 10), and better thrombolytic recanalization (patient population with nearly complete or complete reperfusion within 5 days with modified Thrombolysis in Cerebral Ischemia [mTICI] 2b-3: >77%). 26 Thus, the low occurrence of ICH and the small sample size preclude any conclusion regarding the potential benefit of otaplimastat in preventing ICH in patients with AIS receiving rtPA.
For efficacy outcome, we found that the distribution of the mRS scores was significantly different between the placebo and the otaplimastat 40 mg groups (see Table 5 , Fig 2A ; p = 0.026), associated with the greater proportion of the patients with good outcome (mRS ≤ 2) in the otaplimastat 40 mg group. The magnitude of the clinical benefit of rtPA treatment itself in our study was larger than that in the recent meta-analysis with 9 rtPA phase 3 trials (patients with mRS = 0-1 at day 90: 76% vs 31%). 3 This very favorable clinical outcome may, at least in part, be attributed to the rapid administration of rtPA (mean = 1.78 hours; see Table 2 ) after stroke onset in our study, compared with previous rtPA trials (mean = 4.00 hours). 3 Considering that the main theoretical neuroprotective mechanism of otaplimastat is to reduce brain edema and ICH after rtPA therapy, especially in delayed therapy, 20,21 the benefit of otaplimastat may have been underappreciated in our patient population. 242 Volume 87, No. 2
The 7-day NIHSS score 27 or early decrease in NIHSS score 15, 16, 28 has been used as a marker for clinical efficacy in recent exploratory trials in acute stroke. Notably, the NIHSS score tended to decrease more markedly in the otaplimastat 40 mg than that in the placebo group during the acute phase of stroke, although the difference was not statistically significant at each time point (see Table 5 , Fig 2B) . In addition, the growth of MRI-identified infarct volume was the lowest in the otaplimastat 40 mg group (see Table 5 , Fig 2C) . These findings collectively suggest that otaplimastat may exert a beneficial effect during the early phase of stroke in patients receiving rtPA therapy, although further clarification in a larger trial remains necessary.
Recent clinical trials of neuroprotectant as an adjunctive therapy have evaluated several potential clinically effective mechanisms 29, 30 : reduction of ICH, [14] [15] [16] improvement of recanalization and collateral flow, 16 and/or suppression of infarct growth. 16 Otaplimastat did not significantly decrease the incidence or volume of ICH (see Tables 3 and 6) , although this possibility is not entirely excluded, considering the small sample size and early thrombolysis, as discussed earlier. Considering that patients receiving otaplimastat 40 mg had the lowest rate (53% vs 74% placebo) of full recanalization (mTICI score = 3), it is unlikely that this agent improves recanalization. Nevertheless, patients in the otaplimastat 40 mg group exhibited the trend of quickly diminishing neurological deficits. This observation appears to be in line with pleiotropic neuroprotective mechanisms preclinically elucidated that include reduction of inflammatory cell migration, blood-brain barrier stabilization, and enhanced expression of antioxidant enzymes (ie, MnSOD) in the ischemic brain. 18, 19 Notably, in patients receiving otaplimastat 80 mg, there was no significant beneficial effect on the mRS distribution. There was no increase in serious adverse effects in this group compared with the otaplimastat 40 mg or placebo groups, except for the one case of hepatotoxicity. Although the otaplimastat 80 mg group had more patients with ICH and recurrent infarction, the clinical outcomes in theses population was not worse than those in other groups with similar initial stroke severity (data not shown). It remains uncertain why the encouraging findings with otaplimastat 40 mg were not mirrored with otaplimastat 80 mg. It was reported that a particular dosage, timing, and duration of MMP inhibition impact the reduction of lesion sizes after ICH, and blood-brain barrier permeability or neurovascular remodeling in the poststroke period. [31] [32] [33] [34] [35] For example, an early brief MMP inhibition confers a neuroprotective effect, whereas a prolonged inhibition dysregulates delayed neuroinflammatory responses and hampers recovery. 33 Treatment with the MMP inhibitor ilomastat once, but not twice, following focal stroke rescued visual plasticity, 34 suggesting the importance of carefully defining dosing regimen to ensure the spatiotemporal inhibition of targeted MMPs and resulting clinical efficacy.
There are limitations in this study. As discussed above, the small number of enrolled patients does not allow us to make a powerful conclusion, especially for the efficacy endpoints. However, the main purpose of this phase 2 study was to examine the feasibility and safety of otaplimastat adjuvant therapy rather than confirming its efficacy. In addition, because we did not administer otaplimastat in patients who did not receive rtPA, it remains unknown whether this agent is feasible and potentially beneficial in patients who are not treated with rtPA. Especially, along with recent positive clinical trials, [36] [37] [38] EVT has been increasingly used. Further studies are needed to examine the feasibility, safely, and efficacy of otaplimastat in patients undergoing EVT without intravenous rtPA.
Despite the limitations, we provided evidence that administering otaplimastat to patients with AIS receiving rtPA is feasible and generally safe. There was also an intriguing signal that otaplimastat 40 mg may improve neurological outcomes in these patients. Further clinical studies on otaplimastat or other potentially useful adjunctive therapies for rtPA may help identify novel ways to improve the clinical outcomes of patients with AIS receiving rtPA. 39 
